. MRI correctly identified all seven children with serious underlying disorder whereas conventional imaging correctly diagnosed only two. Pelvic musculoskeletal infection was associated with the combination of marked alteration in signal in tissues adjacent to a symptomatic hip and an erythrocyte sedimentation rate of >20 mm 1st h (p<0.0001). In conclusion, MRI is a practical, well accepted and accurate noninvasive imaging technique in children presenting with acute non-traumatic hip pain. Combined with inflammatory markers MRI can be used to determine those children who require aggressive management. Where it is available, MRI is the imaging modality of choice in this condition. (Emerg Med J 2001;18:25-29) 
Acute hip pain is a common cause for children presenting to the accident and emergency (A&E) department. Accurate diagnosis is vital as the underlying disorder may be serious. 1 2 Clinical diVerentiation of transient synovitis (the cause of over 90% of non-traumatic cases 2 3 ) from more serious disease can be diYcult. Investigations are required to exclude serious underlying disorders such as Perthe's disease, slipped capital femoral epiphysis (SCFE) and pelvic musculoskeletal sepsis. 1 2 Typically the first line of imaging investigation has been arthrosonography ± hip radiographs. 4 Magnetic resonance imaging (MRI) is sensitive and specific in the diagnosis of a wide range of hip disorders in both children and adults 1 5-8 but the availability of MRI in the acute situation has been limited in many centres. Therefore despite the advantages of multiplanar imaging, excellent soft tissue contrast, reproducibility and the lack of ionising radiation, the use of MRI in the early investigation of acute hip pain in children has been limited. We report the development of a rapid, practical MR examination protocol for use as the primary imaging modality in acute nontraumatic hip pain in children, and evaluate its performance compared with our current standard imaging protocol.
Methods
Fifty consecutive children presenting with acute non-traumatic hip pain to the Accident and Emergency Department at the Royal Hospital for Sick Children (RHSC), Edinburgh were studied prospectively. MRI of the hips was performed in addition to the standard investigations: blood tests (full blood count and erythrocyte sedimentation rate (ESR) and arthrosonography of the hips. Plain radiographs were obtained if osteomyelitis, septic arthritis, avascular necrosis or SCFE were suspected. Local Regional Ethical Committee approval for the study was obtained. Parents were invited to participate at the time of presentation to A&E. Written informed consent was obtained. The only exclusion criterion was an absolute contraindication to undergoing MRI (no children fell into this category). MRI examinations were usually performed within 24 hours of presentation to A&E and all were performed within 72 hours. Sample size was determined as the minimum necessary for a method comparison study. 9 MR examinations were performed on an open low field strength MRI system 0.23T Picker Outlook (Picker, Stevenage, UK). The examination protocol comprised a coronal gradient echo T1 weighted sequence (TR 140, TE 13, NEX 3, FOV 360, matrix 216 × 256, 4 mm thick slices, acquisition time 3:01), then a coronal fast spin echo T2 weighted sequence (TR 4800, TE 120, NEX 2, FOV 360, matrix 192 × 256, 5 mm thick slices, TA 3:50) and finally an axial inversion recovery spin echo sequence (TR 994, TE 16, TI 90, NEX 2, FOV 340, matrix 256 × 180, 6 mm slices, TA 5:58) using a small body coil. Including the localiser sequence the examination took 14 minutes to perform. Sedation with Triclofos sodium elixir (Evans Medical, Leatherhead, UK) was available but only used in two children. General anaesthesia was not available for the children in this study. Contrast enhancement was not used in order to minimise the invasiveness of the examination.
Two radiologists (PMW, GMH) independently reviewed each MR examination on a workstation (Picker Vistar) and completed a standard proforma sheet for each case. Each observer was blinded to the report of the other and the results of other investigations. The presence of an eVusion was determined if fluid (on MRI signal characteristics) was seen causing bulging of the hip joint capsule such that a bone to capsular distance of more than 3 mm or R/L asymmetry between hips of more than 2 mm was present. 10 11 The size of eVusion was measured at the point of maximum depth of fluid using electronic callipers. A small joint eVusion was taken as 3-6 mm depth and moderate to large eVusion as 6 mm or greater. Where abnormal high signal was returned from soft tissue adjacent to a symptomatic hip on IRSE images, this was classified arbitrarily as grade 1 (slight increase in signal compared with normal soft tissue), grade 2 (moderate increase in signal) or grade 3 (marked increase in signal). The observers assessed on a 3 point scale whether each of the sequences provided information of diagnostic quality and which (if any) of the three sequences was the most and least useful at confirming or excluding underlying disease in each case. At the end of the study the results from the observers were combined to give a consensus opinion on each MR examination. Where there was a diVerence in opinion, this was resolved by consensus review. Arthrosonography was performed by experienced paediatric radiologists (who were not involved in reporting the MRI examinations) on a Siemens Sonoline Elegra (Siemens, Erlangen, Germany) machine using a 7.5 MHz linear probe. A standard examination technique as previously described was used. 10 Where considered necessary, hip radiographs were obtained (with gonadal shielding) in the anteroposterior pelvis and frog leg lateral projections. Ultrasound, radiographic and blood test results plus the clinical findings and final diagnosis at discharge from follow up (determined from the clinical notes) were collated independently by one of the researchers (JB). Correlative pathological evidence from joint aspiration or biopsy specimens was not available in most cases (a change in our practice to routine joint aspiration for the purposes of a study was not felt to be ethically appropriate), so the "standard of reference" method was used to derive a standard against which to compare the performance of the diVerent imaging modalities. This method has been described in detail in the imaging literature. [12] [13] [14] It involves incorporating together all available clinical, laboratory and imaging information at the end of a predefined period to arrive at a firm diagnosis in each case-the "standard of reference". As not all cases can be classified with absolute certainty, the standard of reference can never be completely accurate, 14 but it does provide a practical means of comparing diVerent imaging modalities when there is no gold standard available. Statistical analyses of data were performed using SPSS for Windows version 8.0.
Results
Thirty five boys and 15 girls were included in the study (range 1-13 years, mean age 6, standard deviation (SD) 2.6); the age and sex distribution is similar to that described in previous studies of acute hip pain in children. 1 15 Forty four per cent had a history of recent viral illness (half were respiratory in origin). All the children were non-weight bearing or only partially weight bearing at presentation. Abnormalities on examination (reduced range of movement or tenderness on hip palpation, or both) were present in 70%. Median duration of symptoms before presentation was 24 hours (range 4-1008). Six children had no objective evidence of active disease and were therefore classed as "true negative" cases. No firm clinical diagnosis was reached in these children, two were queried as muscular sprains and the other four had been labelled as possible transient synovitis rather than as probable or definite cases. Only one of six had a history of recent illness, all were afebrile with normal haematological and imaging tests. The other 44 children had haematological (30) , or imaging (34), or strong clinical evidence (29) of active hip pathology, or all three. This "true negative" rate is similar to that described in a previous study. 1 The ability of the MR sequences to provide diagnostic quality images was recorded prospectively by each radiologist (see table 1 ). An adequate diagnostic MR examination was obtained in 47 of 50 children (94%). The FSE T2 weighted coronal sequence was significantly less likely to produce an acceptable quality of image than the GE T1 weighted coronal (p<0.05, 2 test with continuity correction) or IRSE axial sequences (p<0.011, 2 test with continuity correction). There was no significant diVerence between the GE T1 weighted and IRSE sequences. The contribution of the MR sequences to confirming or excluding underlying disease was prospectively graded (see table 2 ). The IRSE was more useful than the T1 (p<0.0001, 2 test with continuity correction) or T2 sequences (p<0.002, 2 test with continuity correction) and the GE T1 weighted less useful than the T2 (p<0.007, 2 test with continuity correction).
The observers disagreed on the interpretation of the MRI examination in 4 of 50 examinations. In one case the disagreement related to grading the size of eVusion present. In two cases one observer interpreted the MRI examination as normal while the other interpreted it as demonstrating a small hip eVusion. In the final case of disagreement one observer queried pelvic sepsis as well as joint eVusion but this was not felt to be present on consensus review. The unweighted value for inter-rater agreement on the MRI examinations was 0.89, (95% CI 0.79, 0.99), indicating very good agreement. 9 The results of the statistical analyses related to the MRI examinations are outlined in table 3.
In the subgroup of children with serious underlying disease-Perthe's disease or pelvic musculoskeletal sepsis (septic arthritis, iliac osteomyelitis, iliopsoas or other pelvic muscle sepsis 16 )-MRI correctly identified all seven cases whereas conventional imaging alone correctly diagnosed only two of seven. Unweighted for the agreement between MRI and the standard of reference was 0.67 (95% CI 0.46, 0.88) indicating good agreement, between standard imaging and the standard of reference it was 0.36 (95% CI 0.09, 0.63) indicating only fair agreement. The performance of MRI and conventional imaging compared with the standard of reference is tabulated in table 4. For individual observers the level of agreement with the standard of reference was 0.59 (95% CI 0.37, 0.81) for observer A and 0.61 (95% CI 0.39, 0.83) for observer B-indicating moderate and good agreement respectively.
Eighteen children had altered signal on IRSE sequence in soft tissues or bone marrow adjacent to the symptomatic hip. The presence of pelvic musculoskeletal infection seems to be associated with a marked alteration in tissue signal on IRSE (grade 2 or 3) adjacent to the symptomatic hip in comparison to transient synovitis. This diVerence did not reach statistical significance, p= 0.10 (Fisher's exact test, two tailed). On its own the presence of this altered signal is a poor discriminator of the nature of the underlying disease as there is clearly considerable overlap between diagnoses (see table 5 ). For children with transient synovitis and increased soft tissue MR signal, mean ESR value was 12.2 (SD 11.6) and for children with pelvic musculoskeletal sepsis mean ESR value was 45.5 (SD 10.8). For all 38 children with transient synovitis, mean ESR was 16.7 (SD 19.1). Only 7 of 38 had an ESR> 20 mm 1st h. No child with transient synovitis had grade 2/3 soft tissue signal changes and an ESR > 20 mm 1st h, whereas four of five children with pelvic musculoskeletal sepsis met these criteria. The fifth child had C reactive protein measured (instead of the ESR) and this was increased (126 mg/l), with abnormal bone marrow signal plus grade 2 signal increase in adjacent soft tissues and a joint eVusion. The diagnosis in this case was osteomyelitis. The combination of markedly altered signal from adjacent tissues and an ESR >20 mm 1st h is significantly associated with underlying pelvic musculoskeletal infection, p<0.0001 (Fisher's exact test). Taking this combination as a marker for pelvic musculoskeletal infection, its possession (in this small series) has a PPV and NPV of 1.00 (95% CI 0.96, 1) for underlying pelvic musculoskeletal infection.
Discussion
Appointment slots during the data acquisition stage of the study were specifically allocated on the MRI weekly schedule. The logistics of our MRI service allow the accommodation of emergencies and other urgent assessments of acute conditions including "irritable hip" during the working week.
The imaging protocol used in this study was a compromise chosen to combine speed of examination with the imaging sequences (T1W, T2W and fat suppression) and imaging planes (coronal and axial) reported in the literature as being the most useful. 1 8 16-18 In general, sequence acquisition times are longer on low field MRI systems, restricting the number of sequences that can be performed during an examination. Because of relatively long acquisition times, combined with the aim of developing a rapid and practical examination protocol, the MRI examination was restricted to three sequences and each sequence was performed in only one plane. The T1 weighted coronal sequence (fig 1) provided excellent delineation of anatomy, bone marrow and epiphyseal cartilage, while the T2 weighted sequence (fig 2) provided good delineation of joint eVusion or other soft tissue disease. A fat suppression technique, IRSE, ( fig  3) was particularly eVective in the demonstration of marrow and soft tissue diseases. MRI was well accepted by the children and diagnostic images were obtained in all patients without general anaesthesia, and only two required sedation.
Arthrosonography is widely used in the investigation of hip pain in children because of its sensitivity, particularly in detecting joint eVusion. 20 It can produce false negative results in Perthe's disease and SCFE. 10 20 21 The size of eVusion can be used as a guide as to whether joint aspiration is necessary. 22 The immediate aspiration of all joint eVusions detected on ultrasound has been advocated 2 but is not used routinely in many centres. Joint aspiration is an invasive procedure and although the risk of complications is low, 2 they include inadvertent puncture of a major vessel, introduction of infection into the joint if there is a break in asepstic technique and reaction to the local anaesthetic or sedative used. 23 A general anaesthetic may even be required in some cases to obtain a diagnostic examination. 24 Arthrosonography plus aspiration may fail to diagnose some cases of pelvic musculoskeletal infection; particularly osteomyelitis where septic arthritis is not present, 16 25 26 thereby giving false reassurance. For these reasons routine aspiration of all eVusions is not performed in this centre.
The value of early radiographs in acute nontraumatic hip pain has been questioned by some authors, 2 27 28 though supported by others. 4 29 There is a radiation burden with plain radiographs of the hip even when gonadal shielding is used. In children where sepsis is suspected clinically or in older children (>8 years) where Perthe's and SCFE are more likely, radiographs are generally advised. 27 The rate of radiography in our series (32 of 50) was higher than expected as only 10 of the children were aged 8 years or over (nine of whom who had hip radiographs). By using MRI as the primary imaging modality in acute non-traumatic hip pain, hip radiographs in these children could be avoided. The results from this study indicate good sensitivity and specificity for MRI in the investigation of acute hip pain in children and suggest it is a more accurate method than arthrosonography and radiography (where routine aspiration of eVusions is not performed). The results also indicate the poor sensitivity of hip arthrosonography and radiography in the diagnosis of pelvic musculoskeletal infection.
Both MRI and standard imaging strategies have a low NPV in children who present with a history of hip pain. A number of children were identified who had no abnormalities on imaging yet had clinical and haematological evidence (raised ESR or white cell count, or both) of underlying hip disease. The low NPV reinforces the fact that imaging tests are not a substitute for a careful history and clinical examination. Inflammatory markers can be a useful adjunct in the management of acute hip pain, with an ESR of >20 mm 1st h suggested as a marker indicating the need for further investigation. 30 The data from this study indicate that the combination of markedly altered signal in tissues adjacent to a symptomatic hip in conjunction with an ESR of >20 mm 1st h (or significantly increased C reactive protein) could be used as a means of discriminating between those children who require aggressive management and those who can be treated expectantly. It is hoped that our data will stimulate further evaluation of this approach in other centres.
On follow up of the 37 children who were diagnosed with transient synovitis none went on to developed any complications that were not originally noted on MRI during the study.
In conclusion, hip MRI on an open low field strength system is a practical, well accepted and accurate non-invasive imaging technique in children presenting with acute nontraumatic hip pain. Combined with inflammatory markers MRI may discriminate between children who can be treated expectantly and those who require aggressive management. Where it is readily available, MRI is the primary imaging modality of choice in this group of children.
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